I. Introduction
===============

The health information system provides the foundation of decision making in public health by providing appropriate evidence-based information \[[@B1]\]. Electronic Health Records (EHRs) can contribute to the better management of health information and improve the quality of health services \[[@B2][@B3][@B4]\].

Although middle- and low-income countries are facing a great need for EHRs utilization \[[@B5][@B6]\], not enough related practices have been implemented, including countries in Latin America \[[@B7][@B8]\].

With the goal of promoting the health of community populations in low-income urban areas in Peru, the "Comprehensive Hypertension Management Program" was conducted from May 2015 to December 2017, as a health official development assistance (ODA) project.

The data management of this ODA project was handled through a paper-based system for the first year of implementation, and we faced difficulties with this method. Health personnel needed to work overtime for data management, and time delays occurred in database construction. Some data were missing, and human errors lowered the quality of the dataset.

We decided to develop a web database (DB) system to solve the problems mentioned above. The objective of this case report is to introduce the development process, structure, characteristics, and effectiveness of the web DB system developed for the hypertension management program in the primary health care setting of the low-income urban areas of Peru.

Case Description
================

1. The Process of System Development
------------------------------------

We utilized the Scrum methodology for the web DB system development process. Scrum is an iterative and incremental agile software development framework. The development period was a total of 4 months from July to October 2016.

All Scrum workflow is based on sprints; each sprint starts with a sprint planning event that aims to define a sprint backlog, identify the sprint work and establish an estimated commitment to the sprint goal. Each sprint ends with a sprint review and retrospective to show to stakeholders who review the progress and identify lessons and improvements for the next sprint. In this project, we used four sprints of 2 to 3 weeks each.

Aiming to optimize the web DB system to satisfy the needs of the project field, we provided presentations of system utilization to the target users, including local health professionals and project managers, during the system development period, and received their feedback to supplement the system.

2. System Infrastructure and Characteristics
--------------------------------------------

The entire web application infrastructure is hosted using the Amazon Web Server on Linux. The NGINX web server uses uWSGI and the DJANGO framework with Python for the server-side to interpret the programming language. We automated the infrastructure using Ansible to deploy as many web application servers as needed. In addition, we exposed a RESTful API which can be applied for both web and mobile applications.

All data are stored in the POSTGRES relational database. In addition, all asynchronous tasks are conducted by the brokers Celery and RabbitMQ ([Figure 1](#F1){ref-type="fig"}).

For the front-end side, a web application was developed as a 'single-page application' because the page is retrieved with a single-page load for the browser using this type of web application. Then everything was retrieved dynamically by asynchronous requests to the server, increasing the load time speed of all views, thus achieving a good user experience.

Therefore, the web application is responsive, adapting to the screen size of any device, such as a desktop, laptop, smartphone, tablet, for the contents to be properly visualized.

3. Platform for System Users
----------------------------

System users can be classified into two groups: health workers and researchers. Two different web platforms were established for the user groups.

Through the platform for health workers, health professionals can input and save the data of program participants while providing consultation to them ([Figures 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). The participant data is recorded and accumulated in the web DB in real time.

Before the web DB system was developed, health workers entered the same data two times, once using a paper chart and a second time using an electronic document. Since the system was developed, data entry is performed only one time through the webpage.

In the platform for researchers, the researchers can access the database and download the dataset in an electronic document format in the 'exportable' section page ([Figure 5](#F5){ref-type="fig"}).

With the former paper-based system, a data manager checked the entry errors or missing data in the dataset. When any problematic record was observed, a correction was requested from health workers. In contrast, after the web DB system was developed, input errors or data loss could be prevented by setting restrictions in the data entry system. For example, we set a range of possible numbers to enter into the section of 'height', from 130 to 200. Numerical values that are not included in the designated range are not allowed to be input on the entry page.

4. Effectiveness of Using the Web DB System
-------------------------------------------

During the 4 years of the entire project period, the time for data management was reduced through use of the web DB system by 7,696 hours.

To calculate the labor cost of data management, we referred to the wages and working hours of the health personnel in the project area of Peru in 2016, when the number of newly registered program participants was an average of 100 per month, or 1,200 per year.

A total of USD 10,475.40 was needed for the paper-based system for 1 year, while USD 631.28 was spent with the web DB system, showing that the web DB system reduces the labor cost by USD 9,844.12 per year ([Table 1](#T1){ref-type="table"}).

In the paper-based system, the labor cost of additional working hours was needed, while the cost of system development and maintenance was necessary for using the web DB system. We compared the costs of the two different data management methods.

A total of USD 9,000 was spent for the development of the web DB system, and USD 840 per year was spent as the system maintenance cost. Specific details of expenses are presented in [Table 2](#T2){ref-type="table"}. Considering the development and maintenance cost of the web DB system and the labor cost reduction achieved through introduction of the system, the economic benefit generated after 13 months of utilization of the web DB system exceeded the amount of investment.

During the 4-year project period, the cost reduction for data management by using the web DB system was a total of USD 39,536.48.

III. Discussion
===============

This study aims to describe the structure and characteristics of the web DB system developed for constructing a participants\' database of the hypertension program in the primary healthcare setting of the urban areas of Peru. All program participants were registered in the web DB system (a total of 2,827 participants in December 2017).

According to a professional physician who worked as the field manager of the hypertension management program for 2 years (from 2015 to 2016), the web-based system enabled various health professionals, including doctors, nurses, and nutritionists, to easily monitor the participants\' information and to provide proper interventions to address the condition of each participant.

The physician also mentioned that the assessment of the appropriate drug treatment and medication adherence was facilitated by monitoring anthropometric indicators, including blood pressure (BP), body mass index (BMI), waist circumference, glucose, and creatinine, though the web DB system, and this allows an actual decrease in BP, improvement of the obesity index, and the treatment of comorbid diseases, such as hyperlipidemia.

At the beginning of this project, challenges existed regarding EHRs in Peru. There had been almost no EHR system for patient registration and management in the primary healthcare setting of Peru \[[@B9][@B10]\]. When we interviewed public officers in the health information sector of Peruvian regional government, they mentioned the struggles involved in establishing national health statistics due to paper-based health records in Peru. The officers also recognized the necessity of a nationwide introduction of information technology for efficient data management.

Furthermore, we can also refer the cases of the web DB applications being utilized in other countries, such as the web DB for World Health Organization healthy city Wonju in the Republic of Korea. This is a web DB application established for the purpose of systematically computing the health indicators relevant to the healthy city project \[[@B11][@B12]\].

We expect that the introduction of health information technology will improve the quality of health services for communities in developing countries, and we hope that this report will be helpful for that improvement.
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###### Reductions of working time and labor cost by using the web database system
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^a^In terms of the total time required in the paper-based system, 1,872 hours were spent per year for data management. Among the total hours, 864 hours (6 hours × 52 weeks × 3 health centers) were spent for data input, 546 hours (10.5 hours × 52 weeks) for tracking and correcting errors, 364 hours (7 hours × 52 weeks × 12 months) for data cleaning, and 182 hours (3.5 hours × 52 weeks) for merging datasets and constructing the database. In comparison, only time for data cleaning is needed with the web database system because data are automatically entered by the system. For data cleaning, a total of 104 hours (2 hours × 52 weeks) were required per year.

###### Cost of web database system maintenance
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